Objective: Preventive measures to contain the epidemic of obesity have become a major focus of attention. This report reviews the scientific evidence for medical interventions aimed at preventing obesity during childhood and adolescence. Design: A systematic literature review involving selection of primary research and other systematic reviews. Articles published until 2004 were added to an earlier (2002) review by the Swedish Council on Technology Assessment in Health Care. Methods: Inclusion criteria required controlled studies with follow-up of at least 12 months and results measured as body mass index, skinfold thickness or the percentage of overweight/obesity. Children could be recruited from normal or high-risk populations.
Introduction
Overweight and obesity are growing problems in much of the world. In Sweden, the number of overweight individuals has nearly doubled during the past 20 years. Obesity has a negative impact on health and quality of life. From the perspective of both the individual and society, it is therefore essential to identify strategies for managing this problem. Once present, obesity is difficult to treat, making effective preventive intervention all the more important.
In 2002, the Swedish Council on Technology Assessment in Health Care (SBU) published a report (in Swedish) that examined the body of scientific evidence on interventions to prevent and treat obesity. 1 The Swedish report was later published as a book in English. 2 At that time, the evidence was not sufficiently solid to draw reliable conclusions about the effects of prevention in either adults or children.
the search terms and combinations. Additional studies were found in reference lists of relevant articles, in recently published medical journals and in other review articles.
To find studies related to health economics, the NHSEED (NHS Economic Evaluation Database) and PubMed databases were searched using the search terms 'obesity' and 'overweight' in combination with 'prevent' (using various suffixes). In PubMed, the search terms also included 'cost' and 'cost analysis'.
The search aimed to identify studies that met the following inclusion criteria:
The study should address prevention of overweight or obesity. Follow-up in the study should be at least 12 months. The study must include a control group. The study must include relevant outcome measures, primarily the percentage of overweight/obese subjects, body mass index (BMI) or skinfold thickness. To be considered 'prevention', the study must address a normal population, that is, participants should not be selected, but should represent a normal group such as a school, or the population within a particular area. The search also included studies of high-risk groups, unless the participants were selected only for having the risk factor overweight/obesity. These were considered to be treatment studies and were excluded.
Two independent reviewers (one of the authors (Mona Britton) and one medical student (Johan Skånberg)) used abstracts to initially evaluate the studies. Inclusion criteria were used to eliminate non-relevant studies. The full text of selected articles was then reviewed. Languages accepted were Swedish, Norwegian, Danish, English, German and French.
Quality
The quality of included studies was rated according to a three-grade scale: high, medium and low. To assess quality, the reviewers used the following criteria, which are ranked from high to low in each category.
Type of study: randomized trials; studies with matched controls/ecological controls; studies with poorly defined control groups.
Follow-up:
45 years; 3-5 years; 1-2 years. Dropout:
o20%; 20-30%; 30-40%.
Study size: total patients followed up 41000; 500-1000; 25-500.
Studies with high values in most of the variables were assessed to be of high quality and studies with low values were assessed to be of low quality. Medium quality was assigned to those in the mid-range. If a study lacked essential information, the grade could be lowered by one level. Two reviewers worked independently.
Interventions were judged to have positive effects when the percentage of obese individuals decreased, or if weight, BMI or skinfold thickness were reduced in comparison with the results in the control group. Only statistically significant differences were considered (Po0.05).
Results
The primary literature search (phase 1) yielded 64 articles. Of these, 51 were excluded since they did not focus on prevention, or were debate articles, editorials or studies without control groups (Figure 1) . A search of other systematic literature reviews and the reference lists of relevant studies yielded an additional 72 studies, which were included in the review process. From the 85 publications that reached phase 2, 40 were eliminated for various reasons and 45 were further evaluated in phase 3.
The new studies Forty-five publications were selected for final review in phase 3 ( Figure 1 ). Fourteen contained supplementary information about the studies or strategies and 17 were review articles. Three studies did not meet the inclusion criteria on closer scrutiny and were excluded. [3] [4] [5] In total, 10 studies on the effects of obesity prevention and one study on the costs of intervention were included. Of the 10 studies, nine concerned a normal population and one concerned participants with an elevated risk for obesity and cardiovascular disease. Three of the studies used the percentage of overweight or obese participants as the outcome measure. Other studies used either mean BMI or triceps skinfold thickness. Study quality was found to be high in one study, medium in five studies and low in four studies ( Table 2) .
Four of the studies had been published prior to the earlier SBU report, but had either not been identified or were too late for inclusion. [6] [7] [8] [9] The publication of Müller's study coincided with the final phase of the earlier SBU report. Although the study was mentioned, it was not included in the table since the quality had been rated as low. 10 This study has now been included. Results from the study by Luepker, 11 referred to previously, were followed up further, 5-6 years in total. 12 No differences in weight trends between the intervention and control groups were found in either primary or extended follow-up.
To summarize, three studies show that interventions have had a positive effect on preventing obesity. In seven studies, no differences were found between the groups. Intervention did not have a negative effect in any of the studies (Table 2) .
Combined results of the systematic literature reviews by SBU Table 3 summarizes the information from the new and the earlier SBU review. Combined, the two reviews included 24 studies involving 25 896 children and adolescents. The
Interventions to prevent obesity C-E Flodmark et al Interventions to prevent obesity C-E Flodmark et al interventions were found to have positive effects on weight in eight (33%) of the 24 studies, involving 32% of the study participants. In the remaining studies, no statistically significant differences were found between the groups. In no instance was the weight trend negative in an intervention group. Positive results did not appear at a higher frequency in studies with low quality than in studies with high and medium qualities.
Combined results of the systematic literature reviews by SBU and other organizations A comprehensive systematic review from Canada, published in 2004, focused on other published systematic reviews. 13 It identified and approved the quality of six relatively concurrent, systematic reviews, one of which was the earlier SBU review. Table 4 presents the six reviews and the studies included in each. We have checked each study, added the number of participants and follow-up periods, and corrected errors. A couple of studies were excluded since we require that the studies use one of the following outcome measures: skinfold thickness, BMI or percentage of overweight or obese participants. Furthermore, we also include newer studies that have not been identified in other reviews. Previously, no article has attempted to combine the results or analyze the probability of the outcome distribution achieved.
The major difference among the various reviews concerns the requirements for accepting a study. Some require randomized trials, while we also accepted non-randomized studies, as mentioned in Materials and methods. The 1-year minimum follow-up required by SBU is another factor that distinguishes the reviews. The reviews that used lower time thresholds presumably did not consider these time differences to be decisive. In fact, even 1 year is a very short time for following up health effects in children and adolescents. Furthermore, all reviews missed some studies in their literature searches.
All the reviews presented in Table 4 showed a similar percentage of positive studies, independent of whether they were evaluated as having higher or lower quality in terms of study design, follow-up period, number of study participants and dropout.
Combined, these systematic literature reviews present 15 different studies with positive results, 24 with neutral results and 0 with negative weight trends in the intervention groups. Hence, 41% of the studies, including 40% of total children participating, showed a more positive weight trend with intervention than without intervention. Interventions to prevent obesity C-E Flodmark et al Interventions to prevent obesity C-E Flodmark et al Interventions to prevent obesity The results of weight trends in the intervention group (I) are compared with the control group (C). Only statistically significant results were considered. Interventions to prevent obesity C-E Flodmark et al skinfold thickness, BMI or percentage of obese subjects must therefore be converted to effect size. This is controversial, and many studies do not provide the data required. Hence, other methods of statistical analysis must be used to interpret the results. The compilation of all systematic literature reviews includes results from 39 studies (Table 4) , wherein 15 were positive ( þ ), 24 did not show any significant effect and 0 were negative (À). Analysis using the sign test based on the results 15 ( þ ) and 0 (À) shows that the observed results are not likely to be a random phenomenon (P ¼ 0.000061).
Statistical analysis
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Another way to view the results is that most studies were designed using a 5% significance level. If there were no effect, random chance should yield a positively significant result in approximately 2.5% of the studies. In 39 studies, slightly less than 1 should be positively significant (0.025 Â 39 ¼ 0.98). Given that 15 studies were positive, clearly this is not a matter of 'random significances'. Studies containing weight-related findings were included: weight, BMI, skinfold thickness, percentage of overweight or obese subjects. Results of weight trends in the intevention group (I) have been compared with the control group (C). Only statistically significant findings have been considered. Studies with X1-year followup are indicated by+ and shorter followup byÀ. Number of participants in each study are also presented.
Interventions to prevent obesity C-E Flodmark et al Through random chance, 600 studies would be needed to yield 15 studies with positive results (15/0.025 ¼ 600 studies). Even if only the studies accepted in the SBU review were analyzed, the result (8 þ and 0À among 24 studies) is unlikely to have occurred by random chance, P-value ¼ 0.0078.
The compilation of the 24 and 39 studies, respectively, clearly shows that under certain conditions intervention has a positive effect.
Economic aspects
The earlier SBU report did not present any cost data on obesity prevention. No cost analyses were found in any of the studies on preventive programs reviewed by SBU. Likewise, none of the other literature reviews present data of this type. In a renewed comprehensive literature search, we found one study on children that attempted to analyze cost effectiveness. 14 The study was based on a randomized clinical prevention trial by Gortmaker et al. 15 that was included in the earlier SBU report. The authors retrospectively estimated the costs of all interventions, for example, training, instructor time, etc. for the entire group of children. Costs were estimated at 14 US dollars (USD) per student and year. The effect achieved among girls was extrapolated to show that obesity could be avoided in 1.9% of adult women. This would be accompanied by lower healthcare costs and less productivity loss. Hence, the estimated cost was 4305 USD per quality-adjusted lifeyear, and a net savings for society. The preventive interventions were therefore found to be cost effective and remained so in most cases when applying sensitivity analysis. This study contains many uncertainties. The findings that appear to favor preventive interventions need to be based on stronger data and confirmed by other researchers.
Discussion
As in the earlier report, several of the new studies use mean BMI or skinfold thickness as outcome measures, but several studies also use the percentage of overweight or obese children. Since the studies have used different outcome variables, intervention periods and follow-up periods, the results cannot be added through any type of meta-analysis. The option available is to add the number of studies and participants with significantly better weight trends in the intervention than in the control groups, comparing this with the neutral and negative outcomes, respectively. In total, the reviews included 39 studies involving 33 852 participants. Hence, the topic has been thoroughly studied, and positive effects were found in 41% of cases. Overall, the results suggest that it is possible to avoid overweight and obesity in children and adolescents by using preventive interventions. This was also found in an ongoing Swedish study, Stockholm Obesity Prevention Project (STOPP), where the preliminary results after 2 years favor the intervention group. 16 High-risk groups The earlier SBU report did not include any studies aimed at children and adolescents at higher risk for obesity. The current review includes Caballero's study on American Indian schoolchildren. 17 Epstein studied children of obese parents and compared two strategies, one that increased fruit and vegetable intake and the other that decreased fat and sugar intake. 18 One of the studies by Alexandrov 7 included, to some extent, a high-risk strategy, since boys with multiple risk factors for cardiovascular disease received more intensive preventive intervention than the others. None of these studies found a confirmed positive effect from intervention. An ongoing study, 'Hip-Hop for Health Jr', has targeted ethnic minority groups at higher risk for obesity, in this case relatively small children. 19 To date, the high-risk strategy has been poorly tested and is without confirmed beneficial effects. Nevertheless, it is possible that special interventions could be effective for exposed groups.
Risks of preventive interventions
Previously, no reports addressed the risks of preventive programs. However, several recent studies have investigated underweight, anorexia, negative body perception and low self-confidence in the children and adolescents who participated in the intervention programs. None of these studies have reported any harmful effects, which is encouraging for future plans and projects. 17, 20 Publication bias One could ask whether publication bias might be responsible for the distribution of positive and neutral studies and the lack of negative findings. However, a large number of studies have been included, many of which did not present positive results, but were published nevertheless. Many experts in searching scientific literature have been involved in different countries. Cochrane, for example, is known for rigorously pursuing uncommon sources and unpublished material. Obesity researchers have participated in the review and often know of other researchers and studies. Furthermore, schools, teachers and students in many areas are involved in studies that often receive public financing. It is difficult to escape presenting the results, even if they would be negative. Also, the statistical reasons argue in the same direction. Hence, the risk appears to be very small that the findings of this report could be misinterpreted due to publication bias.
Concluding remarks
Since many studies did not demonstrate positive effects, this can be interpreted to mean that it is difficult to create an effective program based only on limited interventions in schools. We have not been able to identify any particular interventions that characterize the positive studies and differentiate them from the others.
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An inspiring and educational example in the context of lifestyle changes is the gradual and successful decline in smoking. This has been achieved in the population through multiple, enduring, and gradually escalating methods. 21 For prevention of obesity, a combination of long-range and massive interventions throughout society to promote healthy dietary habits and physical activity could be expected to have effects that are much different and more powerful than the effects demonstrated by measures limited to the school environment. Advancing on all fronts with interventions enhanced by mass media campaigns, and political action to promote or prevent various types of consumption and to facilitate increased physical activity, may promote more effective results. Committing resources to high-risk groups might also possibly be an effective approach. Thus, the prevention of obesity among children and adolescents is possible and is a must in today's societies.
